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Abstract— Despite efficiency of modern techniques and facilities, 
unplanned perforation and drill deviation could be happened 
during freehand drilling. The aim of this study was to provide a 
methodology for fabricating surgical drill guide for spinal 
surgeries. The data of patient obtained from computed 
tomography. Image processing and three dimensional modeling 
software packages were utilized in order to carry out screw 
insertion and design surgical guide. Rapid prototyping technique 
was used to manufacture the surgical guide. This technique 
provides the ability of fabricating surgical drill guide with proper 
fitting on vertebra while it was flexible in term of changing drill 
diameter.   
Keywords- Surgical guide; Rapid prototyping; Computed 
tomography; Spine 
I.  INTRODUCTION  
There are many cases of injury in the spine due to degenerative 
disorder, trauma or instability. In spine surgery the pedicle has 
been the most significant region of screw fixation. Due to the 
benefits of the screw fixation,  exploiting  pedicle screw 
instrumentation has been popular widely for stabilization of 
spinal fusions (1). Previous studies illustrate the use of pedicle 
screw fixation increased fusion rates markedly (2-4).   
Traditionally, the screws are placed based on anatomic 
landmarks, which differ noticeably among different patients as 
well as regions  of the spine. There are different techniques for 
screw insertion into the vertebra for the purpose of fixation. 
They are different in the entry site and angel of the screw (5). 
Although pedicle screws provide various clinical and 
biomechanical advantages, there is always a possibility of 
neural or visceral injury. Therefore , accuracy is vital during 
inserting pedicle screws.  
At present, radiographic examination plays a significant role in 
the diagnosis and treatment. Advances in the medical imaging 
and computer technologies allow surgeons to exploit new 
facilities such as Computed Tomography (CT) scanner to make 
a treatment plan before placing  implant (6,7). Since CT 
scanner can create detailed images of structures inside the 
body, use of CT has soared noticeably over the last two 
decades (8). However, even if CT scan data has been exploited, 
correct screw fixation is not always achieved. According to the 
previous studies, malposition and diversion of screws in spine 
surgery has been occurred in over 30% of patients using 
freehand technique (9, 10). Nowadays, in order to increase the 
accuracy of screw placement, different techniques have been 
used for guiding the drill.   
The aim of this study was to provide a method of fabrication of 
surgical drill guide for spinal surgeries by means of CT scan 
data and rapid prototyping (RP) technique.    
II. MATERIALS AND METHODS 
A spiral CT scanner (Siemens Somatom Sensation 16, Siemens 
AG, Germany) was used for data collection of spine. The 
patient was male, 43 years old and CT images were prepared 
with slice thickness of 1 mm, resolution of 512 x 512 and pixel 
size of 0.742 mm.  A three dimensional (3D) model of L2 
vertebra was reconstructed from CT data by means of a 
medical image processing software package (Mimics10, 
Materialise NV, Leuven, Belgium). Bone was extracted based 
on Hounsfield Unit (HU). The 3D model was exported as 
surface tessellation language (STL) file into a 3D modeling 
software (SolidWorks 2009, Dassault Systèmes solidworks 
Corp, Concord, MA, USA).   
Treatment plan has been performed in Solidworks® by 
inserting two screws into the vertebra for fixation purpose. 
Screws were inserted where the greatest volume of bone is 
present while they were placed in a proper distance from spinal 
nerves (Figure 1).  
Since, surgical drill guide mounts on bone during surgery, 
outer surface of L2 vertebra was exploited to develop surgical 
drill guide body. Then, according to the inserted screw size, 
position and angulation, holes were created on surgical guide 
body (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Inserted screws in Solidworks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The CAD model of the designed surgical drill guide was 
exported in STL format. The STL file was then imported into a 
preprocessing software program (Catalyst® EX, Stratasys, 
USA) in order to slice model into a number of layers as fine as 
0.178 mm.  A RP machine (Dimension elite, Stratasys, USA) 
was utilized for fabrication. Finally, two stainless steel tubes 
were fixed firmly inside the holes to accurately accommodate 
passage for the surgical drill. The internal diameters of tubes 
were 0.2 mm wider than the drills (Figure 3). 
STL file of L2, which was created by Mimics®, was 
transferred to the same RP machine for manufacturing in order 
to check fitting of produced surgical guide and vertebra (Figure 
4).   
 
III. RESULTS 
Fig. 1 illustrates inserted screws (green) and vertebra (yellow) 
in Solidworks®. Fig. 2 shows Designed surgical drill guide 
according to geometry of L2 and location of screws. Figure 3 
demonstrates produced surgical drill guide via RP machine. 
Fitting of fabricated surgical guide and vertebra has been 
shown in figure 4. 
 
IV. DISCUSSION 
 Since drill diversion may happen during operation, it was 
clearly demonstrated that surgical drill guides play a vital role 
in case of minimal invasive surgeries. This study provided a 
technique for developing spinal surgical drill guide. It could be 
utilized for all types of fixation surgeries.   
A CT scanner has been used in order to collect anatomical data 
of the patient's spine.  Previous studies demonstrated efficiency 
and accuracy of CT scan approach in medical treatment (11, 
12).        
Each surgical drill guide consists of two sections: main body 
and holes. Main body has to be fitted on bone properly to 
ensure stability of surgical guide during surgery.  Holes were 
created according to planned location of screws in order to 
guide the drill. In this study, vertebra geometry was used to 
create main body of drill guide. Therefore, it was fitted 
optimally on vertebra (Figure 4). In addition, the location and 
orientation of planned screws were utilized to create holes in 
drill guide. As a result, drill will be guided to the desired 
direction and position through the hole of fabricated surgical 
guide. Since the material of fabricated surgical drill guide was 
ABC plastic, it must be protected against sharpness of drill. 
Stainless steel tubes were fixed firmly inside the holes in order 
to prevent surgical guide from damaging during drilling. Size 
of the tubes was selected to be 0.2 mm wider than the drills to 
avoid the drills from contacting the stainless steel tubes during 
surgery.  
 
 
 
 
 
 
 
 
 
 
Figure 2: Designed surgical drill guide in Solidworks®. Blue: surgical 
drill guide, Yellow: L2 vertebra and Green: inserted screws 
 
Figure 3: Fabricated surgical drill guide 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
V. CONCLUSION 
    This technique provides an interesting method of 
manufacturing surgical drill guide which is suitable for spinal 
fixation surgeries. Both patient data and treatment plan were 
used to create surgical guide. In addition, the surgical guide 
had an acceptable fitting with vertebra.  
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Figure 4: Fitting of fabricated surgical drill guide and vertebra 
